Versatile Kernels for Aspect-Oriented Programming by Tanter, Éric & Noyé, Jacques
Versatile Kernels for Aspect-Oriented Programming
E´ric Tanter, Jacques Noye´
To cite this version:
E´ric Tanter, Jacques Noye´. Versatile Kernels for Aspect-Oriented Programming. [Research
Report] RR-5275, INRIA. 2004, pp.27. <inria-00070724>
HAL Id: inria-00070724
https://hal.inria.fr/inria-00070724
Submitted on 19 May 2006
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destine´e au de´poˆt et a` la diffusion de documents
scientifiques de niveau recherche, publie´s ou non,
e´manant des e´tablissements d’enseignement et de
recherche franc¸ais ou e´trangers, des laboratoires
publics ou prive´s.
IS
SN
 0
24
9-
63
99
 
 
 
 
 
 
 
IS
RN
 IN
RI
A/
RR
--5
27
5-
-F
R+
EN
G
ap por t  

de  r ech er ch e 
INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE
Versatile Kernels for Aspect-Oriented Programming
Éric Tanter, Jacques Noyé
N˚5275
Juillet 2004
Systèmes communicants
 
	ﬁﬀﬂﬃ !"	$#$%&'	(*),+'-.-/+
0132547698;:=<?>@1?ACBEDF8G4@H=I>KJMLONQPGR
SUTCVXWZY3[]\3V^_K[][,`QaQbc^dea@WfV
gEh
_jik\WmlmnodKVZ^_
p
djqQqG_
h
WsrU\
h
\?^utQ\
h
^utQ\va,w@xey@zjx|{~}K`Qb\WmyjKj,{yKz,qodee\3V
O3ŁQee 
VXqG\3^WXXl
h
b\a@Wf\3r
gEh
_e
h
de[[]baQ

l
g
bcVdq
h
_K[]bVZbaodjqQq
h
_KdK^utWZ_[]_UrU`Qcd
h
bbaQVZ_jWkd
h
\ba
q
h
\3VZ\a;^\_e"^
h
_KVfVZ^`UWXWfbaQ^_ea;^\
h
aoV3ss`Q[]\
h
_K`oVsq
h
_eqG_KVfdjcV _
h

l
g
tod¢¡K\nG\\a7 _
h
[,`QcdWf\3r$£FVX_K[]\_j¤WftQ\[ﬂe\3aQ\
h
bc^j£
_eWZtQ\
h
VEVZqG\3^b¥;^Wf_qod
h
WZbc^`od
h
^_Kao^\
h
aoV3¦to\
h
\sd
h
\s^_e[][]_ea;djb§Wfb\?VEdjaor¡d
h
bcdjnQbbWZb\3V"dj[]_eaQ9WftQ\3VZ\¨djqoq
h
_@de^utQ\?V£tob^ut
d
h
\
_
h
WZt©\ªUqQ_
h
baQ;
«
aU _
h
WZ`Qa;dWZ\3TK£;ba7q
h
de^WZbc^\K£QWZto\3VZ\¡d
h
b_K`oV¨deqQq
h
_Kde^uto\3Vd
h
\tod
h
r©Wf_^_K[,nQbaQ\,deaor©WZ_O\ªCWZ\3aor$¨¦tQbcV
h
\?VX`QWfVs
h
_K[
WftQ\]¬de^WWZtodjWWZtQ\O^_
hfh
\?VXqG_ea;rUbao­WZ_C_KV3£VZ`o^ut®deVdKVXqG\3^W
\3d¢¡K\
h
V£$t;d¢¡e\aQ_jWnG\\3a®rQ\3VZbKaQ\3r WZ_MnG\¯`oVZ\3r®dj_eaQMbWZt
_eWZtQ\
h
V3£edjWZto_e`QKt,WftQ\T'`oVX`;djT'q;\
h
 _
h
[v¡K\
h
T,VZb[]bd
h
_°\3¡e\3KWudeVZ±UV²³a'WftQbcV
h
\qG_
h
W3£j\VX`QKe\?VkWWZ_bao^`orQ\s^_e[][]_ea
 `Qa;^´WZb_ea;djb§WkT
baKWf_¨dµ¶·u¸¹jº¼»½¶"¾e¶·´¿G¶½´ÀÁ·"Â'Ã"Ä?SU`o^ut,d±K\
h
aQ\@dj\3¡@bcdWf\3VFWftQ\ÅWfdeVZ±9_jUb[]qQ\[]\3aKWfbaomdja'deVZq;\?^´WX°_
h
b\a@WZ\?r
deqQq
h
_Kde^utMnCT­Wudj±CbaQO^d
h
\_e¤nodeVZb^
q
h
_K
h
dj[ﬁde§Wf\
h
dWfb_KaoV²°WmdeVZ_¯\WfVmVX\3¡e\
h
djdjqQq
h
_KdK^utQ\3V^_@\ªUbVXW¨bWZtQ_K`UWmn
h
\3de±CbaQ
\?de^ut©_jWZto\
h
nCTOdj`QWZ_e[¯djWZbc^djTOrU\Wf\3^WZbaQ]ba@WZ\
h
dK^´Wfb_KaoVdj[]_eaodKVXqG\3^WfVdja;r_eÆG\
h
baQ\ªUq
h
\3VfVXb¡e\
^_K[]q;_@VXbWZb_ea©[]\3dja;V
Çoh
_K[Èd
h
\3¡@b\_eWftQ\[]debaM \?dWf`
h
\?V¨_e

VZq;\?^´WXXl
h
b\3aKWf\3r
gEh
_e
h
de[][baQ;£o\q
h
\3VZ\a@W¨WftQ\,[¯djba7bcVZVZ`Q\?VWZt;dW¨WftQ\
rU\?VXbeaM_e¤VZ`o^utdja

l
g
±K\
h
aQ\=VZtQ_e`orMderor
h
\?VZV3ÉE_Kq;\3aMVZ`QqQqG_
h
W _
h
deVZq;\?^´W¨cdjaQK`odjK\3VÅWfde±CbaQ­^3d
h
\
_j¤n;_eWZtnG\tod¢¡Cb_
h
deaorVXW
h
`o^WZ`
h
\e£UnodKVX\9cdjaQK`odjK\m^_K[]qQbcdja;^\e£QdeaorOdKVXqG\3^Ws^_e[]qG_KVZb§Wfb_Ka=

VWftQbVVZ`QKe\3VXWfVÅWftodWqod
h
Wfbde
h
\Ê;\3^´Wfb_KabcVdja
deqQq
h
_eq
h
bdjWZ\¯K\aQ\
h
de
h
de[\3Å_
h
±7 _
h

l
g
£Å\­^_eao^
h
\WZb\]WZto\3VZ\ObcrU\3dKVb§Wftd7}@d¢¡¢d

l
g
±K\
h
aQ\"nodeVZ\3rË_eaÌq;d
h
WZbcdj
h
\Êo\?^´Wfb_Ka=£
h
\3^_eao^bbaQ¯ba7WZtQbcV9d¢T
h
\Êo\3^WZb_ea7dja;r7deVZq;\?^´W¨_
h
b\a@WudWZb_ea

^dKVX\'VkWf`orUTMnodeVZ\3rM_Ka|djab[]qQ\[]\a@WfdjWZb_ea
_eWftQ\,SC\3Í@`Q\3a@WZbcdjlmnUik\?^´WsÎ_eaob§Wf_
h
Vb`;VkW
h
djWZ\3VWftQ\nG\aQ\¥QWfV_eWftQ\djqQq
h
_@de^ut=
ÏÐ@ÑFÒZÓ'Ô
ŁÕe
q
h
_K
h
dj[][]bao9cdjaoe`odee\3V3£eVZ\qod
h
djWZb_ea_j=^_Kao^\
h
a;V£
h
\Ê;\3^´Wfb_Ka=£KdKVXqG\3^WX°_
h
b\3a@WZ\3rq
h
_e
h
de[][baQ;£jdeVZq;\?^´W
^_e[]q;_@VXbWZb_ea
Öc×=ØXÙ°Ú?ÛØÜÝcÙ°Þ¼ßà
áâã¢ä åækç¬è5ä éê¨ëuìGí$î?äðïðæ¤ñuã¢ò
óoôkë´ïðæ¤ò¢ækèõ
äðã¢ækè=ò¢æEöñuãé¼ækè
Unité de recherche INRIA Rennes
IRISA, Campus universitaire de Beaulieu, 35042 RENNES Cedex (France)
Téléphone : 02 99 84 71 00 - International : +33 2 99 84 71 00
Télécopie : 02 99 84 71 71 - International : +33 2 99 84 71 71
 
	ﬃËﬁ/ﬃ©,+'-.-/
	 ﬃ©È=ﬃË!E	
	
  
 
d­q
h
_K
h
dj[][¯dWZb_ea©qod
h
dKVXqG\3^WfVm\3VXWm`QaQ\djqQq
h
_U^utQ\qo\3baQ\]rU\'q
h
_K[]\3VfVX\?VsqG_e`
h
d­[_UrU`od
h
bcVZdjWZb_ea7rU\?V
_eKb^b\3V
\3aËq
h
VX\3ao^\¯rU\¯q
h
_U^3^`QqodjWZb_eaoVmW
h
deaoVX¡K\
h
VZde\?V
«
a®
h
deaor|ao_e[,n
h
\¯rU\¯q
h
_eqG_KVZbWZb_eaoV9qG_e`
h
cdMq
h
_e
h
dj[][¯d
Wfb_Ka qod
h
dKVXqG\3^WfV
d

W

 _
h
['`Q

Å\
h
Wfdebao\3V9rU\¯^\3V9q
h
_eqG_KVZbWZb_eaoV9VX_Ka@Wm

a
h
bcÍK`o\3V3£Fr de`UW
h
\3V
VZq

^b¥;Í@`Q\3V©^\
h
Wfdebao\3V
q
h
_U^3^`QqodjWZb_eaoV3²³$Td]rU\?Vq;_Kba@WuV^_e[]['`QaoV\Ws¡d
h
bcdjnQ\3V\3aKW
h
\^\3Vdjqoq
h
_U^utQ\?V£UÍ@` b\3VXWsba@W
3h
\?VZVfdja@Wr \ªUqQ_
h
\
h

Î7deto\`
h
\`oVZ\[]\3aKW?£;\3a7q
h
dWfbÍ@`Q\K£F^\3V9rUbÆ
3h
\3aKWf\3V9djqQq
h
_U^utQ\?V¨VZ_ea@WmrUbﬁﬀ­^b\3[\3a@W
^_e[,nobaodenQ\3Vs\W9\ªCWZ\a;VXbnQ\3V3  \3V
_K`UWZbV,^_
hfh
\3VZq;_KaorQdja@WuV£$nQb\aÌÍ@`Q\
h
debcVZdea@W
rU\?V
WﬂK^utQ\3V



[]\a@Wfdeb
h
\3V
VZb[]bdeb
h
\3V3£Vﬃ d¢¡KY
h
\a@Wmbao^_e[]qodWfbno\?V9dja;V^\
h
djqQqG_
h
W3£FaQ_K`oVmq
h
_Kq;_@VX_KaoV¨r bao^`
h
\^\3V¨WﬂK^utQ\3V



[]\a@Wudjb
h
\?V¨rQdeaoV¨`oa¿GÁ! e¹#"Ëµ¢¶·u¸¹º5»½¶%$oÁ#"U·½¹&$F·ZÁ'e·Z¹!()(¯¹º5»¬Á¿*$o¹·
¹¸+$o¶-,º¼¸´
«
a Wf\9aQ_TKde`VZb[]qQb¥o\|. b[]qQ

[]\a@WfdjWZb_earU\|aQ_e`Q¡K\\?V­djqoq
h
_U^utQ\?V¯rU\|q
h
_K
h
dj[][¯dWZb_ea qod
h
deVZq;\?^´WfVO\a
q
h
\a;dja@W\a^utod
h
K\]\?V
W
h
djaoVX _
h
[¯dWfb_KaËrU\Oq
h
_K
h
dj[][]\3VcdMnodeVZ\­rU`®WfbVfVZdee\KO²³"qG\
h
[]\W

Kde\3[\3a@W/rQb§Æ
h
\a@WZ\?V
deqQq
h
_C^uto\3VrU\^_C\ªUbcVkWf\
h
VZdeaoVVX\
10aQ\
h
\3a©r

WZ\?^´Wudja@Wsdj`UWf_e[¯dWfbÍ@`Q\3[\3a@W\3Vba@WZ\
h
de^WZb_eaoVÅ\a@W
h
\
deVZq;\?^´WuV£U\W\3a_eÆ
h
dja@W
rU\?V[]_Te\3aoV\ªUq
h
\3VfVXb¬Vq;_K`
h
\`
h
^_e[]q;_@VXbWZb_ea
2
qod
h
Wfb
h
r `Qao\OdjaodeTUVZ\¯rU\3Vq
h
bao^bqode\?V^d
h
de^W
3h
bcVkWfbÍ@`Q\?V
rU\¯dMq
h
_K
h
dj[][¯dWZb_ea|qod
h
dKVXqG\3^WfV3£aQ_K`oVq
h
VZ\a@Wf_eaoV
\3V
q
h
bao^bqodj`QªMqG_eba@WfVde`UªQÍK`o\cV¨cdM^_ea;^\qQWZb_ea r `Qa WZ\3aQ_TKde`|rU_ebW
h
q;_Kaor
h
\OÉ
VX`oqQq;_
h
W
_e`o¡e\
h
W
q;_K`
h
\?VmcdjaoKdjK\3V
r deVZqG\3^´WuV
q
h
\aodeaKW9\a®^_K[qQWZ\3OcdO _ebcVm\¯^_K[qG_
h
WZ\3[]\a@W9\W9cdMVkW
h
`;^´WZ`
h
\K£=der

ÍK`;dWZb_ea d¢¡e\3^,\]cdjaQ@djK\,rU\]nodeVZ\\W
^_e[]q;_@VXbWZb_eaËr deVZq;\?^´WfV3)Å_e[][]\]^\WZWZ\]djaodeTUVZ\'VZ`QeKY
h
\'Í@`Q\d
h
Êo\ªCb_ea|qod
h
WZb\\'\3VXW9`oaË^3der
h
\,

a
3h
dedeqQq
h
_eq
h
b

qG_e`
h
d­q
h
_K
h
dj[][¯dWfb_Kaqod
h
deVZqG\3^´WuV£GaQ_K`oV¨^_eao^
h
WZbcVX_KaoV^\?Vsbcr

\?V¨d¢¡e\?^
`QaaQ_T@dj`Mq;_K`
h
}@d¢¡d]nodeV

VZ`
h
cd
h
Êo\ªCb_ea
qod
h
Wfb\3\e£
h
^_eao^bbdea@W¯rQ\|^\M¬deb§WOcd
h
Êo\ªCb_ea\Wd®q
h
_e
h
de[][]djWZb_ea qod
h
dKVXqG\3^WfV3
«
aQ\

Wf`orU\|rQ\7^deV­nodeV

\7VZ`
h
. b[]qQ

[]\a@WfdjWZb_earU\?V%4F¶-56"o¶¿oº5»¬¹½"Ã87:9¶-,º<;|Á¿;»º°Áj·u¸>=.4Ã<;>?¨b`oVXW
h
\\3Vn

a

¥;^\?VsrU\^\WXWZ\deqQq
h
_U^utQ\e
@vÔ
3
Ò
1A



cdjaoKdjK\3VrU\q
h
_e
h
de[][]djWZb_ea=£jV

q;d
h
dWZb_earU\3V"q
h
_U^^`QqodWfb_KaoV3£
h
Êo\ªUb_ea=£jq
h
_K
h
dj[][¯dWZb_ea'qod
h
deVZq;\?^´WfV3£
^_e[]q;_@VXbWZb_eaMr deVZq;\?^´WuV
Â'Ã"Ä ]¶·´¿G¶½ð¸ 
 '	'	

3Ł Ô Õ j
	 Ô
 



d
h
b\WkT¯_eÎ7_CrQ\cV,


9



9



9



9
 

 y Å_K[]qodWfbnQbb§WkT­nG\Wk\\3adjqQq
h
_KdK^utQ\3V 


9



9



9
 

 

\
h
VfdWfb\  l
g
\
h
ao\cVÌ
9



9



9



9
 x

Ð QﬃŁ Ð  Ô  
yQ
ﬀ
\3tod¢¡Cb_
h
deGdKVXqG\3^Wcdjaoe`odee\3V79



9



9



9
 ﬁ
yQ y SCW
h
`o^´Wf`
h
de=deVZq;\?^´WcdjaQK`odjK\3V 9



9



9



9
 z
yQ  ²³a@Wf\
h
de^´Wfb_KaoVdjqQqobc^djWZb_eaﬂjdeVZq;\?^´WfV




9



9



9
 ﬃ

	Ð! "	 Ł Ð  Ð

3 °Ô ŁO$# Ð Ł3U
	:A Ð  ÏÐ Ł

Ð A %
o

lmqG\aSC`Qqoq;_
h
W _
h 
VZq;\?^´W  deaQe`;dje\?Vv


9



9



9
 ﬃ
o y

\3tod¢¡Cb_
h
9



9



9



9



9
 &
o  SCW
h
`o^´Wf`
h
\ 



9



9



9



9



o  Å_K[]q;_@VXbWZb_ea­



9



9



9



9



o x

dKVX\  deaQe`odee\Å_e[]qQbdeao^\ 9



9



9



9



o xQ

²³aotQ\
h
b§Wudjao^\ 

9



9



9



9



o xQ y Å_Kao^`
hZh
\ao^T 

9



9



9



9



o xQ  SU\3^`
h
bWkT 


9



9



9



9



o xQ  ²³[]qQ\[]\3aKWudWfb_Ka

qQq
h
_KdK^ut 



9



9



9

'
o ﬁ ²³a@Wf\
h
de^´Wfb_KaoVdjqQqobc^djWZb_eaﬂjdeVZq;\?^´WfV




9



9



9

'

(#
Ð
Ł¢?U
	:A
Ð

ÏÐ
Ł

Ð
A
5Ô
Ł)=+*Q
,
;

p
\Êo\ª 9



9



9



9



9


y
;



Å_Kao^\3qUWZ`;dj$[]_UrU\9



9



9



9


y
;

 y
g"h
bao^bqQ\3V


9



9



9



9



; y

\3tod¢¡Cb_
h
9



9



9



9



9



;  SCW
h
`o^´Wf`
h
\ 



9



9



9



9


x
;  Å_K[]q;_@VXbWZb_ea­



9



9



9



9


x
; ;

m\Wf\3^WZb_eaM_j¤deVZq;\?^´WbaKWf\
h
de^WZb_eaoV

9



9



9


x
; ; y Å_K[]q;_@VXbaQ¯deVZq;\?^´WuVM9



9



9



9


ﬁ
; ;  Å_KcdjnG_
h
dWfb_Kade[_KaQ]deVZq;\?^´WfV 


9



9



9


z
; x lmqG\aSC`Qqoq;_
h
W _
h

VZq;\?^´W

deaQe`;dje\?Vv


9



9



9


ﬃ
; ﬁ

dKVX\

deaQe`odee\Å_e[]qQbdeao^\ 9



9



9



9


ﬃ
; ﬁo

²³aotQ\
h
b§Wudjao^\ 

9



9



9



9


ﬃ
; ﬁo y Å_Kao^`
hZh
\ao^T 

9



9



9



9


ﬃ
; ﬁo  SU\3^`
h
bWkT 


9



9



9



9


ﬃ
; ﬁo  ²³a@Wf\
h
dWfb_KaObWZtM\aC¡Cb
h
_KaQ[]\a@W 


9



9



9


&
;ðz ²³a@Wf\
h
de^´Wfb_KaoVdjqQqobc^djWZb_eaﬂjdeVZq;\?^´WfV




9



9



9


&
-.0/
Ð21

@
eQ
Ð
3ﬃÕ
Ñ
43
xQ

S;l9Î bWZt
p
\Êo\ª


9



9



9



9


&
xQ



¦to\,Sol9Î^_eaU¥;e`
h
dWfb_KaOcdjaQK`odjK\

9



9



9


&
xQ

 y ¦to\,Sol9ÎÎ7\WfdClmnUik\3^W
gEh
_jWZ_U^_e¤

9



9



9
 yj
xQ

  ¦to\,Sol9Î
h
`Qa@WZb[]\

g
² 



9



9



9
 yj
xQ y Å_K[]qodWfbnQbb§WkT­bWZtM_eWZtQ\
h
djqQq
h
_KdK^utQ\3V


9



9



9
 y


	Ð
A¼U
Ð
Õ5
Ô
Ł76
8
9;:
Ô

1A:<	
Ô



Õ=
Ð
Ł?>
Ð
e<	@*
Ð

A
% ]
6

ÔCÓ
A
Ð
Õ"B
Ð

Ð

?
A
CDC
ãFE<GIHJKG
  ·´»:,o¹j¿oº³¶·U¹ ,-5 "o¶´¸,Á! 
	
 
'	¯(*!"	
 VXqG\3^WXXl
h
b\a@WZ\?r
g"h
_K
h
dj[][]baQË  l
gÅ
yexU£=

deaor
h
\3djWZ\3r []_UrU`Qcd
h
b?dWZb_ea|WZ\?^utQaQ_e_eKb\?Vs _
h
VX\3qod
h
dWfb_Ka|_e^_KaU
^\
h
aoV¼Sol/

x

tod¢¡K\"@djbaQ\3r,brU\de^3^\3qUWfdeao^\K¦tQ\¡d
h
b\WkT_jQWf_C_e±@bWfVdeaor,q
h
_Kq;_@VZdeVd
h
_e`Qaor,b`oVkW
h
djWZ\?VWftQ\
h
deaQe\
_e=q;_@VZVZbnobb§Wfb\?VE _
h
dKVXqG\3^WX°_
h
b\3aKWf\3r]q
h
_e
h
de[][baQ;£j\bWZtQ\
h
ba¯Wf\
h
[]V"_jVZq;\?^b¥;^djWZb_ea­cdjaoe`odee\e£enQba;rUbaoWZb[]\e£C\ªUq
h
\3VX
VZb¡K\aQ\?VZV3£Q\Wf^j¦tQ\,rQ\3VZbKaMVZqodK^\_j  l
g
bcVs`QaorQ\
h
\ªCqo_
h
djWZb_ea=£odeaor©\3dK^ut©q
h
_Kq;_@VZde$bVsd¯¥QªU\3r©q;_Kba@W¨_
h
d
h
\3VXW
h
b^WZ\3r
h
\Kb_Ka,ba,WftQbV¤VZqodK^\e¦tQ\
h
\d
h
\deVZ_m_°\3¡e\KWZ_C_K±CbWfVWZt;dWE^dea,nG\`;VX\?rWf_
^
h
\?dWf\dKrtQ_U^  l
g
VZTUVkWf\[¯V


yC£

zC£ ﬁ


¦tQ\?VX\
Wf_C_e±@bWfV[¯de±e\9b§WsqG_KVfVXbnQ\
WZ_]\ªUqG\
h
b[]\3aKWsbWZtM¡d
h
b_e`oVqG_ebaKWuVba©WftQ\tQ_e\rU\3VZbeaMVXqodK^\K
¦tQbcVÅ_
h
±®bcV][]_jWZb¡dWf\3r n@T®WftQ\©¬de^W'WftodW]WZto\
h
\©bcV]d|bcrU\M¡d
h
b\WkT®_jm[]_UrU\3V' _
h 
l¨
h
\3djWZ\?rÌq
h
_e
h
dj[][]baQo£
\3b§WftQ\
h
e\3aQ\
h
dj_
h
rU_K[]debaËVXqG\3^b§¥G^j£FWZt;dWd
h
\'_
h
WZt7\ªUq;\
h
b[]\a@WZbaQObWZt£djaor7WZtodjW9baËe\ao\
h
dj5£GVZ\¡K\
h
djdjqQq
h
_KdK^utQ\3V
^3djaQaQ_eWnG\M^_e['nQbaQ\3rVZb[qoTÌnG\3^3dj`oVZ\OWftQ\TÌt;d¢¡e\­nG\\3a rU\?VXbeaQ\?rbWZtd|^_KVZ\3rÅ_
h
crÌdeVfVZ`Q[]qUWZb_ea ba [baor$Ë\
q
h
_eqG_KVZ\¨¡K\
h
VZdjWZb\m±e\
h
aQ\3V" _
h 
l
g
WZtodjW[¯de±e\¨bWq;_@VZVZbnQ\¨WZ_`oVZ\e£Qdja;r­\ªUqG\
h
b[]\3aKWbWZt=£U¡d
h
b_e`oVdjqQq
h
_@de^utQ\?V£KtQb\
K`od
h
dja@WZ\3\baQ'WZtodjWdeqQq
h
_KdK^utQ\3VrU_]aQ_eWsn
h
\?dj±¯\?de^ut©_jWZto\
h

 ﬁﬀﬃﬂ "!$#&%('*)+%-,/.0
¦tQ\
h
\ d
h
\|rUbÆG\
h
\3aKW©^_ea;^\qQWZ`ode¨[]_UrU\cV¯ _
h
q
h
_e
h
de[[]baQ®b§Wft deVZqG\3^´WuV
Ç
_
h
baoVXWfdeao^\K£  VZq;\?^´Wu}

K

h
\b\?V¯_ea
WftQ\MaQ_jWfb_KaoV,_eEik_ebaqG_eba@WfV3£EqG_ebaKWu^`UWuV]djaor derU¡Cbc^\3V2143"¡e\a@WZ5nodKVX\?r  l
g
53  l
gÅ6
y U£Ey

`;VX\?V^_eao^\qUWuV'VZ`o^utdeV
^
h
_@VZVf^`UWuV£[_KaQbWZ_
h
V3£\¡K\a@WfVdeaor®deVZq;\?^´WuV71[]_CrQ\cV

h
_K[ WftQ\
h
\Êo\3^WZb_eaÌ^_K[][,`QaQbWkT
h
dWftQ\
h
Wudj±|ba Wf\
h
[¯V_jtQ_C_e±UV
deaor­[]\Wudj_KnUik\3^WfV

x Q£Ux'&U£4ﬁ'

£CtQb\¨WZtQ\
^_K[qG_KVZbWZb_ea¯¥oWZ\
h
deqQq
h
_KdK^ut¯bVÅnodeVZ\3r­_eaO^_e[]q;_@VZdenQ\s[]\WZto_Cr­¥oWZ\
h
baQ

x


²³a@WZ\
h
\?VkWfbaoeTe£;WZtQ\
h
\d
h
\,VkW
h
_KaQ¯baQ±UVmn;\WkÅ\3\aWftQ\3VZ\'^_eao^\qUWf`odj[]_CrQ\cV£FdeV9VkWf`orUb\3rnCT

_jiXd
h
VZ±@b"¶ºs¹½98

!

baWftQ\
^3deVZ\_e
h
\Êo\?^´WZb_eadjaor deVZq;\?^´W¯_
h
b\a@WfdjWZb_ea=¦tQbcV¯^_K[]\3V'
h
_K[ WZtQ\©¬dK^´W]WZtodjW3£Åba WZtQ\M\3aor$£EWftQ\T djnG_ebsrU_aWZ_
VZ\[¯dja@Wfb^©djWZ\
h
djWZb_eaoV'_jmdeqQqQb^3dWfb_KaoV
h
bWXWf\aba d|nodKVX\©cdjaQK`odjK\e

[_UrU\3WZtodjWt;deV]VX_K[]\©^_eaC¡Cbao^bao|tQbcVkWf_
h
T
ba rU\?VZ^
h
bnQbaQ VZ\[¯deaKWfb^djWZ\
h
djWZb_eaoV,bV'WZto\
h
\Êo\?^´Wfb¡K\O[]_UrU\Å _
h
VXW
h
`o^´Wf`
h
deÅdeaornG\tod¢¡Cb_
h
djdjWZ\
h
dWfb_KaoV3:s_\¡K\
h
h
\3VZ\3d
h
^utbaËdKVXqG\3^W9_
h
b\a@WudWZb_ea|todeV9\ªUtQbnQbWZ\?r|b[]q;_
h
Wudja@W9nG\t;d¢¡@b_
h
djaQ_jWfb_KaoV
h
\3djWZ\?rMWZ_VZ\3Í@`Q\a;^\3V9dja;r7aQ\?VkWfbaQ©_j
\3¡e\a@WuV£QdKV\ªU\[]qQb§¥;\3r©nCTO^_KaKW
h
_KGÊo_ deaor©qodWZWZ\
h
a©[]djWf^utQbaQ]_j\¡K\a@WfV3

VZ_o£jVZ_e[]\ÅdeqQq
h
_KdK^utQ\3VderU_KqUWK\aQ\
h
de§°qQ`
h
q;_@VX\EdKVXqG\3^Wcdjaoe`odee\3V

ﬁQ£?@U£exj

£tQb\Å_eWZtQ\
h
V
h
\3T
_Ka'deVZqG\3^´WZ°VZqG\3^b¥;^
cdjaQK`odjK\3V­

S

V£s¹?¾e¹;8 
S

V£¤rU_K[¯djbaU°VZqG\3^b¥;^­dKVXqG\3^W,cdjaQK`odjK\3V



VXqG\3^WX³VXqG\3^b§¥G^­cdjaQK`odjK\3V
q
h
\3VZ\a@W¡d
h
b_K`oV
dKrU¡dja@Wfdee\3V3£¢ba'qod
h
WZbc^`od
h
rU`Q\ÅWZ_mWZto\"¬dK^´WWZtodjWdKVXqG\3^WfVd
h
\ÅrU\¥oaQ\3r,[]_
h
\Å^_Kao^bcVZ\T
deaor[]_
h
\Åba@WZ\3a@WZb_eaodeTe£VZbao^\"WftQ\
cdjaQK`odjK\mbcVs^_@VX\mWZ_­dqod
h
Wfb^`Qd
h
q
h
_KnQ\[ d
h
\?dQ Å3d
h
aQ\?^u±@b$deaor<3"bVZ\aQ\?^u±e\
h=

ﬁ

d
h
e`Q\9 _
h
WZtQ\
nG\aQ\¥QWfV_erQ_e[¯djbaU
VZq;\?^b¥;^¨deqQq
h
_KdK^utQ\3V3ÉrU\?^cd
h
dWZb¡e\
h
\q
h
\?VX\3aKWudWfb_Ka=£eVZb[]qQ\
h
djaodeTUVZbVEdeaor
h
\3deVZ_eaobaQ;£KrU_K[¯djbaU5\¡K\Q\
hZh
_
h
^uto\3^u±Cbaodjaor
_KqUWZb[]b?dWZb_ea;VESC\3¡e\
h
djFdeVZqG\3^´WZ°VZqG\3^b¥;^mdeaQe`;dje\?V"\
h
\mdK^´Wf`odjT¯q
h
_Kq;_@VX\?r­baOWftQ\?>X\3d
h
T;@mdjK\3VÅ_j

l
gA
'ﬃU£C@xU£U+ﬃ

£
dKVÅ\3dKV
h
\?^\a@WfTK£C _
h
baoVkWudjao^\m} Å`UWZWZ\
h=
+&

 _
h
rUbcVXW
h
bnQ`QWZ\3rMVZTUVkWf\[¯V
¦tQ\±e\3TËbcrU\?d7bcV,WftodW'WZtQ\©[]_KVXWdKrU\3Í@`odjWZ\^_eao^\qUWf`odj[]_UrU\djaor\3¡e\3Å_ese\ao\
h
b^b§WkT  _
h
d7Kb¡K\adeqQqQb^3dWZb_ea
rU_K[¯djbaOde^WZ`odeT¯rU\qG\aoroV"_Ka¯WZtQ\
VZb§Wf`odWfb_Ka=ÉWftQ\
h
\¨bcVÅaQ_'rU\¥oaQbWZb¡e\K£@_K[]aQbqG_jWf\a@WdeqQq
h
_KdK^ut'WftodWnG\3VXWVZ`Qb§WuVÅdeGaQ\3\3rQV3
Ç
`
h
WftQ\
h
[]_
h
\e£tQ\a VZ\¡K\
h
djdeVZq;\?^´WuV­d
h
\©WZ_®n;\|todjaorQ\?r baWZtQ\7Vfdj[]\qQb\3^\M_jVX_eWkd
h
\K£Å^_K[,nQbaQbaQÌVX\3¡e\
h
de

l
deqQq
h
_Kde^uto\3V_jWf\a
h
\3¡e\3deVÅ
h
`QbWX `Q

xKyC£oxex


CB DE%4FHGIﬁ!Jﬂ KLﬂ.Mﬂ !$#NK="!
OEPRQSﬁGLGIﬀJ%4UTﬃV/0
Å_K[,nQbaQbaQVZ\¡K\
h
dj

ldjqQq
h
_@de^utQ\?VEVX\3\[¯Vq
h
_e[]bVZbaQo

q;_@VXbWZb¡e\¨ \\3rQnode^u±¯_KadtCTCn
h
brdjqQq
h
_@de^ut]WZ_]VZ\qod
h
djWZb_ea¯_j
^_eao^\
h
aoVEdeV
h
\3q;_
h
Wf\3r]ba

xKy

U:¨_Å\3¡e\
h
£Kba¯WftQbcV"\ªCqG\
h
b[\3a@W3£UVXqG\3^b§¥G^WZ_C_KV"Å\
h
\¨rQ\¡e\3_Kq;\?r
h
_K[ VZ^
h
djWf^ut]WZ_¥QWÅWftQ\
\ªCqG\
h
b[\3a@W3O¦tQbcV^_KaU¥
h
[¯V9WZtodjW,^_e['nQbaQbaoMVZ\¡K\
h
dj

l deqQq
h
_KdK^utQ\3V9bcV
tod
h
rUT \3dKVXbnQ\¯b§Wft Wf_UrQd¢T  V9Wf_@_KV3£VZba;^\
WftQ\,Wf_C_ecVmd
h
\ao_jW
[\?dja@W¨Wf_OnG\^_e[]qodjWZbnQ\'b§Wft7\3dK^ut7_jWftQ\
h
É\3dK^utMWZ_C_e\¡K\a@WZ`;djTdÆF\3^WfV¨WZtQ\nodKVX\,^_UrU\'rUb
h
\3^´WfTK£
bWZtdW>Z^_KVZ\3r­_
h
crdKVZVZ`Q[]qUWZb_eaX@u
²°sVZ\¡e\
h
de"deVZqG\3^´WuVtodeqQqG\a®WZ_ dÆF\3^´W,WZtQ\©VZde[\¯q
h
_K
h
dj[ qG_eba@WfV3£WftQ\T »¿;º°¶·Z¹ ,º

yey

²°WZto\T®d
h
\­b[]qQ\[]\3aKWf\3r
Wft
h
_K`QetrQb§ÆF\
h
\a@WWf_@_KVWZtodjWrUb
h
\3^´WfT W
h
dja;Vk _
h
[ WZtQ\­q
h
_K
h
dj[M£=WftQ\
h
\3VZ`QWZbaQ|VZ\[¯dja@WZbc^VbV,¡e\
h
TËb±e\3T|WZ_ rQ\qG\aor
_Ka WftQ\­_
h
rU\
h
baÌtQbc^utËWZtQ\]Wf_C_ecVd
h
\¯djqQqQb\3r$­²³a@Wf\
h
de^´Wfb_KaoVdj[]_KaQdeVZq;\?^´WfV
bEn;\VXb\3a@WZT dja;r nobaorUT|todeaorU\3r

Ç
bo

d

²°FWftQ\
h
\?VX`o§WfbaQVZ\[¯deaKWfb^3V¤djqQqG\3d
h
VWf_n;\bao^_
hfh
\?^´W3£jWZtQ\3abcrU\3aKWfb§ TCbaQWftQ\ba@Wf\
h
de^´Wfb_Kadeaor
h
\?VX_K¡CbaQ9b§W"t;deV
Wf_,nG\9rU_KaQ\s[¯djaC`odeTe£@bdWdjoqG_KVfVXbnQ\e¤¦tQbcV"bcVZVZ`Q\sq
h
\?VX\3aKWuV"VZb[]bd
h
bWZb\3VÅbWZt¯WftQ\mbcVfVX`Q\¨_jrQdjWfd
h
de^\3V¤ba^_eao^`
hfh
\3aKW
q
h
_e
h
de[][baQ;£jde^u±CaQ_\3rUK\3rWf_n;\¨_eaQ\_jFWftQ\tod
h
rU\?VkWE\
hZh
_
h
V=Wf_rU\no`Qba]WftQ\sd
h
\3d9_eF^_eao^`
hZh
\a;^Te£e[]debaoT'n;\?^dj`;VX\
WftQ\bao^_
hZh
\3^WZaQ\?VZV_eWftQ\q
h
_e
h
de[bcVaQ_jW9djd¢TUV¡CbVZbnQ\WZ_¯q
h
_e
h
de[[]\
h
Vdja;rMb§W¨bcV¡K\
h
TOtod
h
rWZ_­W
h
de^u±OrU_a©Wf_­b§WuV
^3dj`oVZ\e
Y
ö
C/Y[Z
Â'Ã"Ä ]¶·´¿G¶½ð¸ x
!?!?
transform
compose
A1 A2
"closed world" A
B1
transform
"closed world" B
compose
transform
B1
aspect language B
translate
base application (a) (b)
kernel
base application
translate
compose
A1 A2
aspect language A
Ç
be`
h
\

ÉE¦tQ\^_K[]qodWfbnQbb§WkTbVfVX`o\9nG\Wk\\3a  l
g
deqQq
h
_Kde^uto\3V3
 
ñä eækç¼ækãé
Z	
ñ

?ç¼ëñuô°î?æXèsñäðãmñ9ôkïðë´è5ækòFë´ç¼ïðò'ñuè5è
?é¼äðë´ãQñuç¬æsñ

¢ïðäðækò'é¼ë´æ³é5î¢ækçﬀñuè
eækô³éÅäðãé¼ækç5ñuô³é¼äðë´ã¢èñuç¬æﬁ¢ïðäðã¢ò¢ï êé¼ç¬æZñfé¼ækò
ﬂ¼ækë
ñuç¬ò¢äﬃkäðãé¼î¢æEç¼ækè¢ï é5äðã è5æﬀsñuãé5äðôkè"!
 
ﬁ#
Z
ôkëë´ã
Z$	
´æXç¬ã¢ækïoäðè	¢è5ækò,ñuèEñ%æXò?ä ñfé5ë´çé¼ë¨ò¢æ³é5ækô³éÅñuã¢òç¼ækè5ë´ï åæÅäðãé¼ækç5ñuô³é¼äðë´ã¢è"æZñuô5î
Z$	
è¬ê?è¬é5æﬀë´ã¢ï êã¢ækækò¢è¤é¼ë¨é5ñuï9é¼ë¨é¼î¢æ
´ækç¼ã¢ækï&!
(' Pﬀ 0 ﬁ!Xﬂ. *),+.-0/ Pﬀ QI/.M0
¦_VX`Q[ `oq|WftQ\¯VXbWZ`odjWZb_ea=£_ea7WftQ\]_eaQ\todeaor$£$WftQ\
h
\d
h
\[¯djaCT7djqoq
h
_@de^utQ\?VWf_

l
g
WZtodjWd
h
\,_
h
WZt|\ªUqQ_
h
baQ©djaor
\ªCqG\
h
b[\3a@WZbaQbWZt£djaor|_ea|WZtQ\]_jWftQ\
h
todeaor$£$WftQ\
h
\'bcVmWZtQ\]bcVZVZ`Q\'WZtodjW9\?de^ut

l
g
cdjaQK`odjK\,bcVmK\aQ\
h
deTMn;_K`Qaor7WZ_
bWfVb[]qQ\3[]\a@WfdjWZb_ea ¼deVrUbcVkW
h
bnQ`UWf\3rOn@T]WftQ\^
h
\3djWZ_
h
V

¦tobVKb¡K\3V
h
bcVX\¨WZ_'WZtQ\^_e[]qodWfbnobb§WkT¯bcVfVX`Q\m[]\a@WZb_eaQ\?rden;_¡K\e
²³aË_
h
rU\
h
WZ_de_

l
g
Wf_[¯djWZ`
h
\e£$bWVX\3\[¯V
^
h
`o^bcdjWZt;dWVX\3¡e\
h
dedjqoq
h
_@de^utQ\?V¨^3djaËn;\]djqQqob\3r|WZ_MdObcrU\
h
djaQK\,_j
VZTUVkWf\[¯V]djaor VXbWZ`odjWZb_eaoV3£"djW¡d
h
b_e`oVVZ^3dj\3V3
Ç
`
h
WZto\
h
[_
h
\K£E\ÆF_
h
WfVVZtQ_e`Qcr n;\©n;\WXWf\
h
 _U^`oVZ\3r=£Eb§WftQ_e`QW]t;d¢¡@baQ|WZ_
>
h
\3baC¡K\a@WÅWftQ\tQ\3\ @m _
h
\3de^utaQ\

l
g
VXTUVXWZ\3[©
lm`
h
^cdjb[ bcV¨WftodW?£=VXbao^\,WftQ\,W
h
deaoVX _
h
[]djWZb_ea7_
h
±MrU_eaQ\nCT

l
g
VZTUVkWf\[¯V9bVm¡e\
h
TVZb[]bd
h
£FbW^3dja n;\'¬de^WZ_
h
\3r
_K`UW,bad¡e\
h
VfdWfb\

l
g
±e\
h
ao\563"dK^ut

l
g
VXTUVXWZ\3[ WftQ\aÌWudj±UVWZ_7WZtQ\­±K\
h
aQ\5£baoVXWZ\?der®_edjWXWude^u±Cbao7rUb
h
\3^WZT|WftQ\
nodKVX\deqQqQb^3dWZb_eaElmaoT]WftQ\±e\
h
aQ\3F\ÆF\3^´Wfb¡K\T­dÆF\3^WfVWZto\9n;deVZ\
deqQqQb^3dWfb_Ka=£UdWZ\
h
tod¢¡CbaorU\WZ\?^´WZ\?r­WftQ\
ba@Wf\
h
de^´Wfb_KaoV
de[_KaQ¯deVZq;\?^´WuVdjaor\WWZtQ\q
h
_K
h
dj[][]\
h
VXqG\3^b§ TOWZtQ\3b
hsh
\3VZ_e`UWfb_Ka 
Ç
bo

n



a

l
g
±e\
h
ao\o\3aodjno\?VÅdbcrU\
h
deaQe\_edjqQq
h
_@de^utQ\?V£
h
_e[&\§°\3VXWfdenQbVZtQ\3rWf_,\ªCqG\
h
b[\3a@Wfdj5£KWZ_,_
h
±Wf_eK\WZto\
h
bWZtQ_K`UW¨n
h
\3de±CbaQ]\?de^utM_jWftQ\
h
ÅSC`o^ut7d]±K\
h
aQ\$q
h
_¡CbcrU\3V^_
h
\
VZ\[¯deaKWfb^3V£QWZt
h
_e`QKtMq
h
_Kq;\
h
VkW
h
`;^´WZ`
h
dedjaor©nG\tod¢¡Cb_
h
dj
[]_UrU\cV3£;K\aQ\
h
bc^
\aQ_K`Qet©Wf_OVX`oqQq;_
h
W9djaQ\3\3rU\?raQ_jWfb_KaoV¬\e os^´Ê;_£odeVZq;\?^´WuVs_jEdKVXqG\3^WfV

ba dja\ªCWf\aoVZbno\[¯deaQaQ\
h

m\3VZbKaQ\
h
V_j$deVZq;\?^´W¤cdjaQK`odjK\3V^dja,WZtQ\3a]\ªUq;\
h
b[]\a@W¤[]_
h
\^_e[ _
h
WfdenQTdeaor
h
deqQbrQTbWZt'WZtobV¤±K\
h
aQ\UdKVd9nodK^u±@5\3aor$£
 _U^`;VXbaQ¯_eaWZto\n;\?VkWsd¢TUV" _
h
q
h
_e
h
dj[][]\
h
V"WZ_]\ªUq
h
\3VfVdeVZq;\?^´WfV3£Q[¯d¢T]WZto\TOnG\rU_K[]debaMVZq;\?^b¥;^
_
h
K\aQ\
h
bc^j
²³a'WZtQbcV¤_
h
±F£?\d
h
\^_eao^\
h
aQ\3r'bWZt'WZtQ\sVXWZ`orQT_jG¡e\
h
VfdWZb\

l
g
±e\
h
aQ\3V _
h
d¨`QaobÍ@`Q\nodKVX\cdjaQK`odjK\eÉ=\rQ_9ao_jW
deb[ dW[,`QWZb°deaQe`odee\EVZ`QqQqG_
h
W3£¢_
h
\¡K\a[]_
h
\"dj['nQbWZb_e`oVZT
dWdjaCT
VX_eWkd
h
\
h
\q
h
\3VZ\a@WudWZb_ea
b±K\"²

Î  VÎ3

@yC£7'ﬁ

£
tQbc^ut|djWXWZ\3[]qUWfVmWZ_©derQr
h
\?VZVsVZb[bcd
h
T
«
Î

rUbcdj
h
de[]V _
h
baoVXWfdeao^\KIË\,¥
h
VXWmdja@WsWZ_e\Wm¡dj`odjno\ \3\3rUn;de^u±©
h
_K[
dea

l
g
±e\
h
ao\=rU\?djbaQ]bWZtd]VXbaQK\
nodKVX\
cdjaQK`odjK\eﬁ tQ\aMbW¨^_e[]\?VWZ_]b`oVkW
h
djWZbaQ]_e`
h
d
h
K`Q[]\a@WfdjWZb_ea=£C\
h
\ \
h
Wf_]WZtQ\cdjaQK`odjK\mbWZtMtQbc^ut©Å\d
h
\^_Kao^
h
\Wf\T¯\ªUq;\
h
b[]\a@WZbaQ;£Q}Kd¢¡dQ
¦tQbcV_
h
±­ba;^`orU\3VWftQ\
 _e_baQ¯^_ea@W
h
bno`UWZb_eaoV3É
1
 \m[]_jWZb¡dWf\WZtQ\¨aQ\\?r] _
h
d
¡e\
h
VfdWZb\

l
g
±e\
h
aQ\3¼£@deVEdWZ_C_eo _
h
[¯de±@baQbW"qG_KVfVXbnQ\WZ_'^_e['nQbaQ\s¡d
h
b_K`oV

l
g
djqQq
h
_@de^utQ\?VSC`o^utd'WZ_C_e$_e`QcrMdjcVX_nG\`oVX\ `QdKVd'¡K\tQbc^\9 _
h
 `
h
WZto\
hsh
\3VZ\3d
h
^ut­_Ka

l
g

1
ÇQh
_e[ﬂd
h
\¡Cb\3 _e¤WZtQ\,[]deba7 \3dWf`
h
\3V_e

l
g
£;Å\,q
h
\?VX\3a@WsWZtQ\'[¯djbabVfVX`o\3VWftodW¨WZtQ\rU\3VZbKa_jEVZ`o^ut7dja

l
g
±e\
h
aQ\3oVZtQ_e`Qcr]derQr
h
\?VZV3É=_eqG\a­VZ`QqQqG_
h
W¤ _
h
deVZq;\?^´W"cdjaQK`odjK\3VWfde±CbaQ^3d
h
\_jFn;_eWZt¯nG\tod¢¡Cb_
h
deaor]VkW
h
`;^´WZ`
h
\K£enodKVX\
deaQe`;dje\
^_K[]qQbcdja;^\e£Qdeaor©deVZq;\?^´Ws^_K[qG_KVZbWZb_ea=
1
 \VXtQ_£ba®WftQ\O^_ea@WZ\ª@W_e}@d¢¡dQ£tQ_ WftQ\3VZ\¯bcVZVZ`Q\3V,^dja®nG\OVZ_e¡e\3r nCT no`QbcrUbaQnodKVXbc^¯deVZq;\?^´W,\3d¢¡CbaQMdjaor
^_K[qG_KVZbWZb_ea©¬de^bb§Wfb\?V_eaMWf_eqM_jEd
h
\Êo\?^´Wfb¡K\d¢TK\
h
£
h
\?^_ea;^bbaQWZtQ\Êo\ªUbnQbbWkT_e
h
\Ê;\3^´Wfb_Ka©deaor©WZto\e`QbcrQdeao^\
_j

l
g

1
 \9rU\3Vf^
h
bn;\sto_WftQ\3VZ\¨bcrU\3dKVEtod¢¡K\n;\3\a­`;VX\?rWZ_\3¡e_e¡e\
p
\Êo\ª

x &U£ ﬁe

£Cdja¯_Kq;\3a
h
\Êo\3^WZb¡e\\ª@Wf\aoVZb_ea¯_j=}@d¢¡dQ£
ba@Wf_]d¡K\
h
VZdjWZb\

l
g
±K\
h
aQ\G _
h
}Kd¢¡dQ£UdeaorOb`oVXW
h
dWf\¨WftQ\nG\aQ\¥QWfV_eVZ`o^utMd'±K\
h
aQ\FbWZt©WZto\9b[]qQ\[]\a@WfdjWZb_ea
_j¨SC\?ÍK`o\a@WZbcdjlmnUik\3^W'Î_eaob§Wf_
h
V­¼Sol9Î
 



£¤dMbn
h
d
h
T7 _
h
^_Kao^`
hfh
\a@Wq
h
_e
h
dj[][]baQo£rQ\¡e\3_Kq;\?r®_ea®Wf_eqÌ_j
p
\Ê;\ª$
CDC
ãFE<GIHJKG
ﬁ  ·´»:,o¹j¿oº³¶·U¹ ,-5 "o¶´¸,Á! 
	
¦tQ\
h
\3VXW_e=WZtQbcV
h
\qG_
h
WÅbcVVkW
h
`o^WZ`
h
\3rdeV" _e_sV3É¤SC\3^WZb_eaybcrU\a@Wfb§¥o\?VÅWZtQ\rUbÆG\
h
\3a@WÅ \?dWZ`
h
\?VÅ_edja  l
g
VZTUVkWf\[M
Çoh
_K[&WZtQ\?VX\9 \3djWZ`
h
\3V3£QSC\3^WZb_ea 'r
h
d¢sVd'bcVkW_j
h
\?ÍK`ob
h
\[]\a@WuVE _
h
d'¡e\
h
VfdWfb\  l
g
±e\
h
aQ\3¼ESC\?^´Wfb_KaO]VXtQ_sVtQ_ Å\
\3¡e_e¡e\?r
p
\Êo\ªMdeVq
h
\3VZ\a@Wf\3rba

ﬁe

Wf_¯d'¡K\
h
VZdjWZb\  l
g
±e\
h
aQ\3F _
h
}@d¢¡dQ¤SC\3^WZb_ea7x'q
h
\?VX\3a@WfVWZto\^deVZ\
VkWf`orUTO_eWftQ\
VXWfdeaorQd
h
r­b[]qQ\[]\a@WfdjWZb_ea©_jS;l9ÎÌoSC\3^WZb_ea ﬁ'rQbVf^`oVfVZ\3V
h
\3djWZ\?r­_
h
±G£Cdja;r©SC\?^´Wfb_KaMz'^_Kao^`orU\?VÅbWZt©qG\
h
VXqG\3^WZb¡e\3V3
  

	O ﬀÈ% )
 l
g
q
h
_Kq;_@VZdeV¤d
h
\s^utod
h
dK^´Wf\
h
b3\3r'n@T]VZ\¡e\
h
deC \3djWZ`
h
\3V3¤lmao\ \3djWZ`
h
\
h
\cdWZ\?VWZ_WZtQ\mnodeVZb^b[]qQ\[]\a@WfdjWZb_ea]Wf\3^utQaQbcÍ@`Q\
¼rU\3rUbc^djWZ\?r
h
`Qa@WZb[\ \aC¡Cb
h
_eao[\3a@W3£¨^_CrQ\7W
h
dja;Vk _
h
[¯dWfb_Ka=£\Wu^j

£9nQ`UWOWftQbcVbcV©daQ_KaU¼ `oao^´Wfb_Kaodj
^_Kao^\
h
a  _
h 
l
g
VZTUVkWf\[¯V£U_etob^ut  l
g
±e\
h
aQ\3VÅWfde±e\^d
h
\KU \b^_e[]\
nodK^u±¯WZ_WZtobVqG_eba@WsbaMVZ\3^´Wfb_Ka Q
 aQ_jWftQ\
h
 \3djWZ`
h
\sbcVEWftQ\¸  #((]¶º¼·  ¨_j$WZto\mdjqoq
h
_@de^ut=£KdeVrUbVf^`;VZVZ\3r]ba


 
U \9d
h
\stQ\
h
\mba@WZ\
h
\?VkWf\3r]ba ¹¢¸  #((]¶º5·´»:,
deqQq
h
_Kde^uto\3V,WZ_VZ\qod
h
djWZb_ea_e9^_eao^\
h
aoVÉMdjqoq
h
_@de^utQ\?V,to\
h
\WftQ\
h
\bcVWZtQ\aQ_eWZb_ea_j
d n;deVZ\MdeqQqQb^3dWfb_KaWf_Ëtob^ut
dKVXqG\3^WfV¯d
h
\djqQqob\3r$£^_KaC¡e\
h
VZ\T Wf_ÌVXTC[][]\W
h
bc^©deqQq
h
_KdK^utQ\3V,WZ_VZ\qod
h
djWZb_ea_e
^_eao^\
h
aoV3£"b±K\©tCTCqG\
h
VXqodK^\?V

xj

_
h
VZ`QnUik\?^´WX°_
h
b\a@WZ\?rMq
h
_K
h
dj[][]bao

K

m²³aWftQbcV9VZ\WZWZbaQo£GWftQ\
h
\cdWfb_Ka7n;\WkÅ\3\a|dKVXqG\3^WfV9djaorWZtQ\'nodeVZ\'deqQqQb^3dWZb_ea ^dja
nG\^utod
h
de^WZ\
h
b\?r­nCT ¹¢¸.$o¶-,ºÁ 7½ »µ?»¬Á#"C¸´¿G¶¸u¸deaorWZtQ\ 7»¿»¿ 'nG\Wk\\3aWftQ\nodKVX\
djqQqobc^djWZb_eaMdjaorWZto\deVZq;\?^´WfV3
 VXqG\3^W_enob¡Cb_K`oVXao\3VfV¯todeVOn;\3\abcrU\3aKWfb§¥;\3rdKVOdÌ±K\Tq
h
_Kq;\
h
WkT_j  l
g 
yex

v²°W
h
\ \
h
V¯Wf_ÌWZtQ\|¬de^WOWZt;dWOWftQ\
nodKVX\deqQqQb^3dWZb_ea
h
\[¯djbaoV`Qaod¢d
h
\_e¨WftQ\7deVZq;\?^´WuVWZtodjWOd
h
\©deqQqQb\?rWf_Ìb§W? lm`
h
q;_Kba@W­_j9¡Cb\3 _eaWftQbV]bcVfVX`Q\MbcV
WftodW]_enQb¡@b_e`;VXaQ\?VZV,[,`oVXW'nG\©q
h
_¡CbcrU\3r=£no`UWbWVZtQ_K`QraQ_jW]n;\©^_KaoVXbcrU\
h
\?rÌdjnoVZ_e`UWZ\3T®aQ\?^\?VZVfd
h
Te SUb[]bd
h
TËWZ_7WftQ\
rUbÆF\
h
\ao^\nG\Wk\\3a[]\WudeVZTCVXWZ\3[¯V¼VXTUVXWZ\[¯Vde^WZbaQ|`QqG_ea _jWftQ\
h
VXTUVXWZ\3[]V

djaor
h
\Ê;\3^´Wfb¡K\VZTUVkWf\[¯V¼VXTUVXWZ\3[]V]dK^´WZbaQ
`QqG_ea|WZtQ\3[¯VX\3¡K\3V

£$bW
VZ\\3[]VmWf_@_
h
\?VkW
h
bc^´Wfb¡K\Wf_q
h
_etobnQbW¨WftQ\]\ªUqQb^b§W
[¯djaQbqQ`QcdWfb_Ka7_jdja dKVXqG\3^Wmcd¢Te\
h
nCTqod
h
WfVm_j
deaMdeqQqQb^3dWfb_KaObWfVZ\¤VZ`QnUik\?^´WWZ_­dKVXqG\3^WfV3
¦tQ\]nQbaorUbaQMnG\Wk\\a WZto\n;deVZ\]deqQqQb^3dWfb_Ka dja;r7WftQ\¯deVZq;\?^´WfV^3dja n;\­^utod
h
dK^´Wf\
h
b3\3r7de_KaQOWk_©baQ\3V

x 

]¦tQ\
7»¿j»¿ '¯º5» (¯¶
h
\ \
h
VEWZ_WftQ\mWZb[\
dWtQbc^utOdnQbaorUbaQ'n;\WkÅ\3\aOdKVXqG\3^WfVdjaor]WftQ\¨n;deVZ\¨q
h
_e
h
de[ ^dea­nG\mrU_KaQ\e²³aO}@d¢¡dQ£
WftQbV^3dja¯nG\mdW^_K[qob\sWfb[]\'¬q
h
\7ﬂ¢qG_KVXW

£@djWÅ_KdKrWZb[\K£C_
h
djW
h
`Qa@WZb[]\' \3b§WftQ\
h
nCTWZtQ\m¡@b
h
WZ`odeo[¯de^utQbaQ\m_
h
nCT'WZtQ\
}K²k¦
^_e[]qQb\
hu
]¦to\ 7»¿j»¿ ' (¯ÁK¶
h
\ \
h
VmWZ_©WZtQ\
h
bebcrUb§WkT|_j"WftQ\¯nQbaorUbaQMn;\WkÅ\3\a®deVZq;\?^´WuVdjaor|WZtQ\¯n;deVZ\q
h
_K
h
dj[M,²³a
qod
h
Wfb^`Qcd
h
£Ub§WsbaorUbc^djWZ\3Vto\WZto\
h
dnQbaorUbaQ­^deanG\`QaorU_KaQ\dja;rAﬂ¢_
hh
\3rQ_eaQ\
rUTCaodj[]bc^deTe
Ç
baodjTK£UdeVZq;\?^´WdeaQe`;dje\?V"^3djadKrQr
h
\3VfVEWk_'WkT@qG\3V_edjWZ\
h
djWZb_eaoV3ÉnG\t;d¢¡@b_
h
djFdja;rOVXW
h
`o^´Wf`
h
de¼

VZqG\3^´WcdjaQK`odjK\3V
b±K\

VXqG\3^Wf}

K

_
h
}K_KVZt




bao^`orQ\mnG_jWft©d'n;\3tod¢¡Cb_
h
de;dKVXqG\3^WcdjaQK`odjK\mdeaorOdVkW
h
`;^´WZ`
h
de;_KaQ\e:s_\¡K\
h
£@VZ\¡K\
h
dj

l
g
q
h
_eqG_KVfdjcVrU_]aQ_jWsbao^`orU\d¯VXW
h
`o^´Wf`
h
dj$deVZq;\?^´WscdjaQK`odjK\e
B?  RVﬂ %4ﬀJ. 0 G=/T ! .MQ	
I4/0

nG\t;d¢¡@b_
h
dj¤dKVXqG\3^WdeaQe`odee\][¯dj±K\3V
bW,q;_@VZVZbnQ\]Wf_7rU\¥;aQ\­deVZq;\?^´WuV
WZtodjW,dÆF\3^WWZtQ\
h
\3VZ`QWZbaQnG\tod¢¡Cb_
h
_jdMnodKVX\
deqQqQb^3dWZb_ea
'
/
Ð
1 A¼

B ,B
Ð
bVWftQ\scdjaQK`odjK\Åq
h
_¡CbcrU\3r,WZ_,VZqG\3^b TWftQ\sqQcde^\3VtQ\
h
\sdKVXqG\3^WfVEdjÆG\?^´W¤WftQ\snodKVX\sdeqQqQb^3dWZb_ea?

^`UWrQ\aQ_eWZ\3Vd¨VZ\W_j¶@¶-, "Uº¼»¬Áj¿ $QÁj»¿oº¼¸=ba,d¨q
h
_e
h
dj[MSC`;^ut,d¨rUTCaode[]b^E^`UW¤^djanG\q
h
_eik\3^WZ\3r¯¬aQ_eaQ5baik\3^WZb¡e\3T

ba7WZtQ\q
h
_e
h
dj[ WZ\ª@W9WZ_©dOVXWfdjWZbc^,^`QW3£FtQbc^ut rU\3aQ_jWf\3V9d­VX\W9_e $G·ZÁ'e·Z¹#( $oÁ»¿;º¬¸s^_
hfh
\?VXqG_eaorQbaQ­WZ_ObaoVXW
h
`o^´Wfb_KaoV
ba©WftQ\q
h
_e
h
dj[ ^3dj\?r­WftQ\]¸Q¹KÁ¸

Cz

_eWftQ\\ªU\3^`UWZb_ea©qG_ebaKWuV
Ç
\?dWZ`
h
\?V¯_j,d^`UWOcdjaQK`odjK\ba;^`orU\7WftQ\7\ªCq
h
\?VZVZb¡K\aQ\?VZVWf_
h
\ \
h
WZ_nG_jWftq
h
_e
h
de[ djaor \ªU\3^`QWZb_ea qG_ebaKWuV
 _
h
baoVXWfdja;^\
h
\cdWf\3rMWf_^_Ka@W
h
_e=Ê;_

£FdjaorMWftQ\,qG_KVfVZbnQbb§WkT©WZ_
h
\ \
h
WZ_OqG_eba@WfVmbaËdeVZq;\?^´W9q
h
_K
h
dj[¯VWf_deqQqQT
deVZq;\?^´WuV¨Wf_©dKVXqG\3^WfV

Å`QW
cdjaoe`odee\3V¨[¯d¢T7djcVX_©dj_v^_e[]qQ\ª|dje_
h
bWZto[bc^,^`UW
WZ_©n;\¯VZq;\?^b¥o\3r




£$_
h
[¯d¢T
n;\]Wudjb_
h
\?r7 _
h
d©qod
h
WZbc^`od
h
rU_e[¯djba

!&


Ç
_
h
ba;VkWudjao^\e£

VXqG\3^Wf}qG_eba@Wf^`UWfVd
h
\]K\aQ\
h
bc^M b5 \K£aQ_jW,rQ_e[¯djbaU
VXqG\3^b§¥G^

£^dea
h
\ \
h
Wf_n;_eWZtÌq
h
_e
h
de[ djaorË\ªC\?^`UWfb_Ka®q;_Kba@WfV3£nQ`UW'^3dja®aQ\bWZto\
hh
\ \
h
WZ_7dKVXqG\3^W,q
h
_e
h
dj[ ao_
h
rU\3Vf^
h
bn;\dje_
h
bWZto[bc^mq;_Kba@Wf^`UWfV3
,
/
Ð
Qj
	
Ô

A¬

B ,B
Ð
bcV`oVX\?rWf_
b[]qQ\[]\a@W¤WftQ\deVZq;\?^´W¤n;\3tod¢¡Cb_
h
²³a,WftQ\s^dKVX\_jGn;\3tod¢¡Cb_
h
de@dKVXqG\3^W¤deaQe`odee\?V£
Å\|Wfde± djnG_e`QW 7u¶Q¹µ?»¬Á·f¹½,¹ ,º5»¬Á¿Q¸­`oaorU\
h
Wfde±e\3anCT dKVXqG\3^WfV3£¨tQbc^utnodKVXbc^deT ^_KaoVXbcVXWba\ªCWZ\3aorUbaQ djaorAﬂ_
h
[]_CrQb§ TCbaQ]WZtQ\nG\t;d¢¡@b_
h
_eWftQ\nodeVZ\djqoqQbc^djWZb_ea=¤¦tQ\\ªUq
h
\?VZVZb¡e\ao\3VfVÅ_eWftQbcVdeaQe`;dje\9[¯d¢T­nG\
h
\?VkW
h
bc^´Wf\3r_
h
rU\3VZbeaQ\?rOWf_]¥QWmd]qod
h
Wfb^`Qcd
h
rU_K[]deba£Q_
h
[¯d¢TOnG\^_K[]qQ\WZ\K"²³a7derorUb§Wfb_Ka=£UWftQ\,de^WZb_eaMcdjaQK`odjK\m[¯d¢Tde_WftQ\
rU\¥;aQb§Wfb_KaM_jVXWfdjWZ\ `QdeVZqG\3^´WuV
'
/
Ð
"	

Õ"	

B A¬

B ,B
Ð
bV`;VX\?rWZ_
VZq;\?^b TtQbc^ut'deVZqG\3^´WEVZtQ_e`or,n;\nG_e`QaorWZ_
tQbc^ut'^`UW3
«
VZ`odjT
WZtQbcVdeaQe`;dje\
djcVX_O[]de±e\?V¨bW9qG_KVfVZbnQ\Wf_VZq;\?^b TMWZtQ\±Cba;r_jÅ^_ea@W
h
_eWZtQ\]deVZqG\3^´W9todeVm_¡e\
h
WftQ\^_eaoVZbcrU\
h
\3rM\ªC\?^`UWfb_Ka7qG_ebaKWuV
 nG\ _
h
\K£FdjWZ\
h
£$dja;rq;_@VZVZbnQTbaoVXWZ\?der_e

Î7dea@TdKVXqG\3^WmcdjaQK`odjK\3V¨rQ_OaQ_eW
rU\?^_K`QqQ\WZtobV9cdjaQK`odjK\

h
_K[ _eaQ\
ﬀ
æ
jækã¢ò¢äðã ¤ë´ãé5î?æ 
¢ç¼ë
jë´è5ñuï&é¼î¢æ=ôﬀ?éoï ñuãñ´æäðèQæXä é¼î¢ækçoç¼æ³ìæXç¬ç¬æXòé¼ëEñuè;ñﬂﬁﬃ 
Ù°Ù
ﬁ
Ú?Ý"! #%$&´Ú'#&)(+* ,
IH%-.¢ë´ç;ñuèGñ
ß
%/
$Ý
ﬁ
Ú3Ý"! #%$&Ú0#&1(2*4365
7
3
. !
Y
ö
C/Y[Z
Â'Ã"Ä ]¶·´¿G¶½ð¸ z
_jWZto\WkÅ_djnG_¡e\e
Ç
_
h
baoVkWudjao^\e£;ba  VXqG\3^Wf};£QWZto\,nQbaorUbaQOVZq;\?^b¥;^djWZb_eabcVWfb\?r©WZ_¯WftQ\,derQ¡@bc^\'rU\¥oaob§Wfb_Ka=É"WftQ\
nQbaorUbaQ¯deaQe`;dje\mbVs[\
h
K\3rb§Wft©WZtQ\dK^´WZb_ea©cdjaQK`odjK\e
Õ 'Q?> Ð e >UŁ  Ð  Ð Ł7	

U
	 Ô

h
\ \
h
V
WZ_WftQ\OqG_KVfVZbnQbb§WkTË_jqodKVZVZbao7^_ea@Wf\ªCW,baU _
h
[¯dWZb_eaËWf_|deVZq;\?^´WuV
gEh
_¡CbrUbaQ
baQ _
h
[]djWZb_eadjnG_e`QW¨WZto\,^_KaKWf\ªCW¨_e¤dea\ªU\3^`UWZb_eaqG_eba@Wm\3aQtodja;^\3VWZtQ\'\ªUq
h
\3VfVXb¡e\3aQ\3VfV_jWZto\'de^WZb_eacdjaQK`odjK\e£
djaor©dj_sVE _
h
[_
h
\
h
\`oVfdjnQ\
deVZq;\?^´WfVWft
h
_e`QKtOe\3aQ\
h
bc^bWkTeU:s_\¡e\
h
WftQbcVtodeVd]^_@VkWdW
h
`Qa@WZb[]\e£U\3VZqG\3^bcdjT­b§
WZtQ\baU _
h
[¯dWfb_KaObcVqodKVZVZ\3rObade\3aQ\
h
b^9[¯djaoaQ\
h
¬\e o£QdjaMd
hfh
d¢T]_j¤d
h
e`o[\3a@WfV

  VZq;\?^´Wf}OderQr
h
\3VfVZ\3VÅWZtQbcVbcVZVZ`Q\
b§WftVX\3\?^´WZb¡e\
qod
h
de[]\WZ\
h
\ªUq;_@VXbWZb_ea©ba©qG_eba@Wf^`UWfV3£QVXb[]bcd
h
T¯WZ_]WftQ\,uÁ¿oº³¶eº¶6$oÁ¢¸ "U·Z¶[]\3^utodeaQbcVX[_e}K_KVZt=
Ð 'Q<> Ð j¯ Ô  > Ô <	¬<	 Ô

[¯d¢T_
h
[¯d¢TaQ_eW¤n;\\ªUqQbc^bWZTqod
h
W_joWftQ\deVZq;\?^´W¤cdjaQK`odjK\e¦tQ\}K_KVZt,cdjaQK`odjK\ÅrU_C\?Vao_jW
q
h
_¡@bcrU\^_K[qG_KVZbWZb_ea'VZ`QqQqG_
h
WEdWEdj5£tQb\WZto\  VXqG\3^Wf}
cdjaQK`odjK\"q
h
_¡CbrQ\3Vd9¡e\
h
T
b[]b§Wf\3r]deVZqG\3^´WE^_e[]q;_@VXbWZb_ea
deaQe`;dje\EWZtodjW¤^3dja'_eaQTVkWudWZ\q
h
\3^\3rU\3ao^\n;\WkÅ\3\adeVZq;\?^´WfV3Î7_
h
\Å\ªCq
h
\?VZVZb¡K\"djqoq
h
_@de^utQ\?V$Wf_9^_e[]q;_@VXbWZb_ea,tod¢¡e\
n;\3\aik`oVXWZb¥o\3r

ﬃQ£GyjU£Fy

  ^_e[]q;_@VXbWZb_eaQ°d¢d
h
\mdKVXqG\3^W¨VXTUVXWZ\[ﬁ[¯d¢T­q
h
_¡@bcrU\dj`QWZ_e[¯djWZbc^rU\Wf\3^´Wfb_KaM_j¤deVZq;\?^´W
ba@Wf\
h
de^´Wfb_KaoVbaM_
h
rU\
h
WZ_¯d
h
aOq
h
_e
h
de[[]\
h
V"WZtodjWWZtQ\3TOVZtQ_e`QcrMVXqG\3^b§ T©deVZq;\?^´Ws^_K[]q;_@VXbWZb_eaMVkW
h
djWZ\3eb\3V

ye


 'Q?> Ð e	

?

<	¼U<	 Ô



Õ ? Ô > Ð
d
h
\9 \3dWf`
h
\3V_eWftQ\,deVZqG\3^´Wscdjaoe`odee\9WZtodjW¨VXqG\3^b§ T©tQ_ deVZq;\?^´WfV¨d
h
\baoVXWfdeaU
WZbcdWf\3r7deaorMtodWmWZtQ\3b
h
Vf^_eqG\bcV  VZq;\?^´Wf}©VZ`QqQqG_
h
WfVWftQ\'^_e[][]_ea7dKVXqG\3^W9Vf^_eqG\3V3ÉbaoVXWfdeao^\K£G^dKVZVmdjaorMK_Knodj5£
tQb\}e_@VXt'rU_C\3VaQ_jW¤VX`oqQq;_
h
Wq;\
h
°_enQik\3^´WdeVZq;\?^´WuV¦tQ\ÅqG_KVfVZbnQbb§WkT_eorUbVf^
h
b[baodjWZbaQmdKVXqG\3^WVf^_Kq;\Åb§Wft
h
\3VZq;\?^´W
WZ_WZt
h
\?derQV[¯d¢TOdeVZ_'nG\q
h
_¡CbrU\?r$
B?CB  !Xﬀ 
IT ! 
ﬀ U.0 G=/T ! .MUQ 
 (R0

adKVXqG\3^WcdjaQK`odjK\"[¯d¢T
bao^`;rU\dmqod
h
WtQb^ut'bVrU\?rUbc^dWf\3r
Wf_mqG\
h
 _
h
[vVXW
h
`o^´Wf`
h
de@de§Wf\
h
dWfb_KaoV=_KaWZto\ÅnodKVX\Åq
h
_e
h
dj[M
¦tQbcVbcV±@ao_adeV
»¿;º¼·fÁ!" ,º5»¬Á¿o¸"_
h
»¿oº³¶·³º+ $o¶ K¶,½¹j·Z¹º5»¬Á¿o¸uSC`o^utMd,cdjaQK`odjK\9de_sVdeVZq;\?^´WfVWf_]q;\
h
 _
h
[VXW
h
`o^´Wf`
h
dj
^utodeaQe\?V¤Wf_,^cdeVfVX\?V£@VX`;^utOdeVÅderQrUbaQao\ []\['n;\
h
VÅ_
h
ba@WZ\
h
¬dK^\3V3ﬁ \9q
h
\ \
h
WZ_bcrU\3aKWfb§ T­VXW
h
`o^WZ`
h
djGdeVZq;\?^´W"cdjaQK`odjK\3V
dKVsVX`;^ut=£;deaorMaQ_jW9deVsdeaMde`UªUbbcd
h
T­ \3djWZ`
h
\_jEdKVXqG\3^W¨deaQe`;dje\?V£CWf_­nG\WXWf\
h
tQbKtQbKtKW¨^_e[][]_eaodebWZb\3V¨djaorrUbÆF\
h
\ao^\3V
nG\Wk\\3aÌWZtQ\­WkÅ_7±CbaorQV,_jsdeVZq;\?^´W,cdjaoe`odee\3V3* \OWZtQ\
h
\ _
h
\­rUbVf^`;VZVWZtQ\OVfdj[]\¯ \?dWf`
h
\?V,dKV
 _
h
n;\3tod¢¡Cb_
h
deEdeVZq;\?^´W
cdjaQK`odjK\3V3

VXqG\3^Wf}­rQ_@\?VaQ_jW¨rQ\3dj$`oaQb§ _
h
[]T­bWZtMba@Wf\
h
¼WkTCqG\
rQ\3^cd
h
dWfb_KaoV3£@tob\}e_@VXtMrU_C\3V3
¦tQ\9^`UWÅdeaQe`odee\_edVkW
h
`;^´WZ`
h
de;deVZqG\3^´WÅdeaQe`odee\[¯dj±K\3V"b§Wq;_@VZVZbno\Wf_,VZq;\?^b Tto\
h
\¨VkW
h
`;^´WZ`
h
deo[]_UrUb§¥G^dWfb_KaoV
VZtQ_e`orMnG\djqQqob\3r$  tQ\
h
\?deVsd]nG\tod¢¡Cb_
h
dj$^`QWmrU\ao_jWZ\?VqG_ebaKWuVsba©WZtQ\,^_UrU\,VZqode^\e£od¯VXW
h
`o^´Wf`
h
dj=^`QWmrU\ao_jWZ\?VqG_ebaKWuV
ba|WftQ\]rQdWudVZqode^\,tQ\
h
\rQdWudVXW
h
`o^WZ`
h
\3V
h
\?VXbcrU\K²³a|_jWftQ\
h
_
h
rQV3£Gd©VkW
h
`;^´WZ`
h
de^`UW
rQ\aQ_eWZ\3V9q
h
_e
h
de[ﬁqG_eba@WfVmWZt;dW
^_
hfh
\?VXqG_eaor9Wf_mVXW
h
`o^´Wf`
h
\ e¶E¿;»º¼»¬Áj¿Q¸´£aQ_jWba;VkW
h
`o^WZb_eaoV3²³aWZtQ\^dKVX\E_eoVkW
h
`;^´WZ`
h
\?V£?WZto\
h
\"bcVbaorU\3\3rd¨nQb ik\?^´Wfb_Kan;\WkÅ\3\a
\ªC\?^`UWfb_Ka­qG_ebaKWuVÅdeaor¯q
h
_e
h
de[ qG_eba@WfV3£@VZ_bWbcV"ao_jWÅao\3^\?VZVfd
h
TWf_'rUbcVXWZbaQe`QbcVZt­n;\WkÅ\3\a¯WftQ\[MÉ¤VXW
h
`o^´Wf`
h
de;VZtoderQ_sVErU_
aQ_eW[¯de±e\mVZ\a;VX\K
Ç
\3djWZ`
h
\3VÅ_j=nG\tod¢¡Cb_
h
djG^`UWdjcVX_djqQqoTWZ_]VXW
h
`o^´Wf`
h
de;^`UW3

K_
h
b§WftQ[]b^m^`UW^deaOnG\9VZ`QqQqG_
h
WZ\?r$£Cb±e\
ba|}K_KVZtMdeaor`Qaob±e\ba

VXqG\3^Wf};;¦tQ\'aQ_jWfb_Ka_jEdeVZq;\?^´WuVs_jEdKVXqG\3^WfV¨deVZ_­djqoqQb\3V3£F^_ea;VXbcrU\
h
baQ]WZtQ\'q;_@VZVZbnQbbWkTO _
h
dja
dKVXqG\3^WWZ_]q;\
h
 _
h
[ﬁVkW
h
`o^WZ`
h
dj=^ut;djaQK\3V_eaMdjaQ_eWZtQ\
h
deVZq;\?^´W?
¦tQ\VkW
h
`o^WZ`
h
djde^WZb_eaÌcdjaQK`odjK\¯q
h
_¡CbcrU\3V[\?djaoVWZ_|de§Wf\
h
WZtQ\©rQdWud7VkW
h
`;^´WZ`
h
\?V_j¨dq
h
_K
h
dj[M²³a ddeaQe`;dje\
b±K\­SC[¯dj§Wudj±

yKz

£VZ`o^ut®djWZ\
h
dWfb_KaoV
^dea nG\­rU_eao\]rQT@a;dj[]b^3djTK£=tQb\¯baÌ}Kd¢¡dOWZtQ\3T|^dea®_eaQT7nG\­rU_eaQ\¯VXWfdjWZbc^djTe
Å_KaoVXbcrU\
h
baQmd
h
`Qa@WZb[\\aC¡Cb
h
_KaQ[]\a@WWftodWEVZ`QqQqG_
h
WfV
h
`oaKWfb[]\VkW
h
`;^´WZ`
h
deK[]_UrUb¥;^djWZb_eaoV_jG^cdeVfVX\?V£jdmVkW
h
`o^WZ`
h
djUdK^´WZb_ea
^3dja®¡e\
h
T7\EnG\­deVfVX_U^bdjWZ\3r|WZ_7d©nG\tod¢¡Cb_
h
dj¤^`QW¬deaorËtQ\ao^\¯aQ_jW_KaQT7WZ_dVXW
h
`o^´Wf`
h
djE^`QW

©¦tQ\
h
\¡e\
h
VZ\bVao_jW
W
h
`Q\KÉEdn;\3tod¢¡Cb_
h
deFdK^´Wfb_Ka©^3djaQaQ_eWn;\dKVZVZ_U^bcdWZ\?r¯Wf_­dVXW
h
`o^WZ`
h
dj$^`QW,
Ç
b;;y


behavioral action
behavioral cut structural cut
structural action
Ç
bK`
h
\yQÉ"SC`Q[][¯d
h
T­_jWZtQ\qG_KVfVXbnQ\nQbaorUbaQKVnG\Wk\\3a©VXW
h
`o^´Wf`
h
dj=dja;rnG\t;d¢¡@b_
h
djFde^WZb_eaMdjaorM^`UW3
 tQ\3a©^_eaoVZbcrU\
h
baoWZto\9nobaorQbaQ]_edVkW
h
`o^WZ`
h
dj$dK^´WZb_eaOWZ_]d'VXW
h
`o^WZ`
h
dj$^`QW3£CWZto\9ao_jWZb_ea©_j^_ea@W
h
_K¬n;\ _
h
\e£UdWf\
h
£
\Wf^j

n;\?^_e[]\?V¨b
hZh
\\¡deaKW?£GVZb[qob TCbaQOWZtQ\nQbaorUbaQMVXqG\3^b§¥;^3dWfb_Ka=9SCb[]bcd
h
Te£GWZtQ\bcVZVZ`Q\,_e"deVZq;\?^´W9qod
h
dj[]\Wf\
h
b?dWfb_Ka
^3dja­djcVZ_n;\9VXb[]qQb¥o\?r$ÉVZbao^\WftQ\mdK^´Wfb_Ka]^_eaoVZbcVkWuV¤baO[_UrUb TCbao,VX\3\?^´Wf\3r¯rQdjWfdVXW
h
`o^´Wf`
h
\3V3£eba­d^cdeVfVk°nodKVX\?r,cdjaQK`odjK\e£
WftQ\_eaQT­baU _
h
[¯dWfb_KaaQ\3\3rU\?r©bVWftQ\^cdeVfVVX`onUik\3^WWZ_][]_CrQb§¥;^3dWfb_Ka=
Å_K[qG_KVZbWZb_ea©_j¤VkW
h
`o^WZ`
h
dj=dKVXqG\3^WfVbcVbaorU\3\3rMdja©bVfVZ`Q\e"¦tobVbcVfVX`Q\t;deVtQ_\¡K\
h
aQ_jWsnG\\3aM\ªUqQb^b§WfT©^_ea;VXbcrU\
h
\3r
nCTO\ªUbVXWZbaQ]q
h
_eqG_KVfdjcV
h
\cdWf\3rOWZ_­deVZqG\3^´Ws^_e[]q;_@VXbWZb_ea£UtQb^ut© _U^`;V_ea©n;\3tod¢¡Cb_
h
deFdKVXqG\3^WfV

ﬃQ£;yeU£oy

£;yey



VXqG\3^W"ba;VkWudja@WZbcdWfb_Ka]deaor]VZ^_eqG\sd
h
\[]\3djaobaQe `QQ \?dWf`
h
\?V _
h
VXW
h
`o^WZ`
h
djodKVXqG\3^WfV¤_KaQT,tQ\3a­^_ea;VXbcrU\
h
baQ
h
`Qa@Wfb[]\
VXW
h
`o^´Wf`
h
djÅdK^´Wfb_KaoV|²°saQ_jW,qG_KVfVZbnQ\e£b±K\Oba}@d¢¡¢do£WftQ\a d7VkW
h
`;^´WZ`
h
deÅdeVZqG\3^´WbV'djqQqob\3rVXWfdjWZbc^deTe£tQ\3ao^\Od VXbaQK\
K_Knodj$baoVXWfdja;^\VX` ﬀ¯^\3V3
CDC
ãFE<GIHJKG
ﬃ  ·´»:,o¹j¿oº³¶·U¹ ,-5 "o¶´¸,Á! 
	
− automatic detection of aspect interactions (behavioral and structural)
− expressive and extensible composition facilities
− implicit and explicit collaboration among aspects
composition
structure
− class−object model
− complete structural abilities
− expressive cut language (*)
open support for aspect languages
interactions application/aspects
− reified aspects
− safe API for accessing aspects
− continuation−like mechanism
− awareness of inheritance, concurrency, etc.
− compatible with security mechanisms
− integration into existing environments
base language compliance
− expressive cut language (*)
− complete action language
− separate binding language
− optimized aspect protocol
behavior
(*) refers to algorithmic cut supporting aspects of aspects
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